Abstract: The bacterial diversity in saline-alkali ponds rearing common carp was investigated using the 16S rRNA gene clone library technique. Phylogenetic analysis of the most common and dominant sequences recovered indicated that these sequences fell into the following major lineages, including Proteobacteria (α-, β-, γ-), Actinobacteria, Cyanobacteria, Planctomycetes, Fibrobacteres, Bacteroidetes, Chloroflexi, and unclassified bacteria. Sequence analysis showed that the bacterial diversity was abundant, and the sequences belonging to β-Proteobacteria, α-Proteobacteria and Actinobacteria were predominant. The most sequences in the saline-alkali rearing ponds exhibited low similarity with known bacterial 16S rRNA genes, suggesting that these sequences may represent novel bacteria. In addition, the majority of our sequences were most closely affiliated with sequences retrieved from inland waters of China. These results suggest that the saline-alkali ponds rearing common carp are specific ecologic niches and the distribution of the bacteria may be influenced by geographical factors. This study reports the bacterial diversity in saline-alkali ponds rearing common carp by the culture-independent technique for the first time; therefore, it provides important information for understanding the microbial ecology in salinealkali rearing ponds and managing the microbial community composition to promote and maintain the health of aquaculture environments.
Introduction
Microbes have profound impact on the aquatic ecosystems, which play important roles in biogeochemical and metabolic processes. They have critical effects on productivity, nutrient cycling, and water quality in ponds (Moriarty 1997; Cotner & Biddanda 2002) . Aquatic microorganisms also provide a reservoir of harmful and pathogenic bacteria to aquaculture animals, and thus their diversity may provide a bioindicator of healthy aquatic ecosystem or disease outbreak (Arias et al. 2006; Zeng et al. 2010) .
The common carp (Cyprinus carpio) belonging to the Cyprinidae is one of the most important cultivated freshwater species in the word. Farmed common carp production was comprised nearly 14% of the total global freshwater aquaculture production (according to the Food and Agriculture Organization of the United Nations), and provided over 15% of the main freshwater-cultured fish output in China (Ministry of Agriculture, China). With the rapid development of common carp culture, many ponds used in culture are changing these pond environments. The increased nutrient materials, such as uneaten feed and faecal matter in culture ponds may lead to eutrophication and affect the biogeochemical process and bacterial communities of ponds (Sara 2007; Zeng et al. 2010) ; thus, the bacterial communities in ponds have become an important research area.
During the past few decades many articles have been published in which the bacteria of aquatic environments were identified by culture-dependent and culture-independent techniques (Arias et al. 2006; AlHarbi & Uddin 2008; Huang et al. 2008; Zeng et al. 2010; Niu et al. 2011) . Nevertheless, the cultured species account for less than 5% of the total bacteria in environmental samples (Amann et al. 1995) . Recently, a geneclone-library-based culture-independent technique has been frequently used to determine the complex microbial community in natural aquatic environments (Arias et al. 2006; Huang et al. 2008; Zeng et al. 2010; Niu et al. 2011) , because it provides more information on bacterial diversity than culture-dependent and some of culture-independent techniques. However, to our knowledge, previous studies have not used culture-independent techniques to investigate 728 J.Q. Huang et al.
the microbial diversity in saline-alkali ponds, which account for a large part of carp culture water in northwest China. In this study, we used the gene-clone-librarybased culture-independent technique to determine the microbial community in the saline-alkali ponds rearing common carp. We hypothesized that the special common carp culture environments could greatly affect the structure of microbial population and might accommodate some novel bacteria. The results of the study will provide important data about bacterial diversity in saline-alkali ponds rearing common carp, which is meaningful for the management of aquaculture environments.
Material and methods

Sample collection and processing
All the three intensive common carp ponds (16 • C; pH 8.5; wt% = 0.12%) that represent typical saline-alkali culture environments are located in northwest China. The carp body weights in the three ponds were 30-40 g, 100-150 g and 250-300 g, respectively. The samples of surface water were collected from an approximate depth of 30 cm at five places of each pond on 10 August 2011, which are approximately 80 m long and 85 m wide with a mean depth of 1.3 m and the water temperature was 18-20
• C. Water samples were taken with sterilized polycarbonate bottles and kept on ice in a cooler before they were transferred to the laboratory. The water samples from the same pond were mixed in equal volume and approximate 2 L mixed samples was filtered immediately onto 0.22 µm pore-size nylon filters (Millipore, USA). Filters from each pond were placed into three 15 mL centrifugal tubes and instantly stored at -20
• C for further molecular analysis.
Extraction of DNA DNA extraction was performed according to the methods of Dang et al. (2008) with minor modifications. In brief, the frozen filters from three ponds were cut into small pieces with a sterile scissors and vortexed with 6 mL of SET buffer (50 mM EDTA, 50 mM Tris-HCl [pH 8.0], 20% [wt/vol] sucrose). The samples were centrifuged at 12,000 rpm for 15 min and re-suspended with 360 µL SET buffer and poured into a new sterilized 2 mL centrifugal tube. Additional 72 µL of lysis buffer with lysozyme (10 mg/mL) were added. Samples were incubated at 37
• C for 30 min. Proteinase K (0.2 mg/mL) and 1% of sodium dodecyl sulphate (final concentration) were added, followed by incubation at 55
• C for 1 h. The cell lysates were extracted twice with phenol-chloroform-isoamyl alcohol (25:24:1) and once with chloroform-isoamyl alcohol (24:1) before nucleic acids were precipitated with 0.6 volume isopropanol at room temperature. Nucleic acids were recovered by centrifugation, washed twice with 70% ethanol, re-suspended in TE buffer. DNA extracts (three replicates for each sample) were checked by electrophoresis on 0.7% (wt/vol) agarose gels. To minimize bias in sampling, the same DNA samples were pooled together and stored at -20
PCR amplification of 16S rRNA genes The 16S rRNA genes were amplified using bacterial universal primers 27F (5'-AGAGTTTGATCMTGGCTCAG-3') and 1492R (5'-TACGGYTACCTTGTTACGACTT-3'). • C for 10 min. In order to minimize the PCR bias, the number of PCR cycles was decrease to 20. Each mixture contained 30-40 ng of template DNA, 200 µM dNTPs, 1.5 µM MgCl2, 1×Taq buffer, each primer at a concentration of 0.1 µM, and 1.5 U of Taq DNA polymerase (MBI, USA). A negative control was included in each batch of the PCRs. The amplified products were visualized after electrophoresis on 1% agarose gels.
Cloning of 16S rRNA PCR products
Five replicate PCR products of each sample were pooled together and purified using the Takara quick Gel Extraction Kit (Takara, Japan), and ligated into pMD19-T simple vectors (Takara, Japan) according to the manufacturer's protocol. The hybrid vectors were transformed into Escherichia coli DH5α competent cells using standard procedures. The recombinants were plated on LuriaBertani agar plates containing 24 µg/mL 5-bromo-4-chloro-3-indolyl-β-D-galactopyranoside and 40 µg/mL isopropyl-β-D-thiogalactopyranoside with 100 µg/mL ampicillin. The Luria-Bertani plates were incubated at 37
Restriction fragment length polymorphism screening of 16S rRNA gene clones Approximately 200 white colonies from a single LuriaBertani plate were randomly selected for subsequent restriction fragment length polymorphism analysis. Cloned 16S rRNA genes were re-amplified using primers RV-M and M13-47 which bind to sites next to the 16S rRNA insert in the plasmids with the following conditions: initial denaturation at 94
• C for 3 min, followed by 30 cycles of 94
• C for 45 s, 58
• C for 60 s, 72
• C for 90 s, with a final extension at 72
• C for 10 min. The PCR products that were identified based on expected size by 1.5% agarose gel electrophoresis were digested with HhaI and MspI (MBI, USA), respectively. Restriction fragments were separated by electrophoresis on 3.0% agarose (Biowest, Spain) gels for 2.5 h at 60 V, and compared to define operational taxonomic units (OTUs).
Data analysis
Coverage (C) of the 16S rRNA gene library was calculated as follows: C = [1 -(n/N)] ×100, wheren is the number of unique OTUs that occurred only once in the clone library and N is the total number of clones in the library. The frequency (F) was calculated as follows: F = (m/N) × 100, where m is the number of clones of an OTU in a library and N is the total number of clones in the same library . Rarefaction curve, which was used to determine the phylotype diversity and sampling efficiency of the library was constructed using the software Analytic Rarefaction.
Sequence and phylogenetic analysis Clones representing the most common or predominant OTUs were selected and cultured in Luria-Bertani broth overnight at 37
• C, and these samples containing insert DNA were sequenced with the primers M13-47 or RV-M on an ABI 3730 DNA automatic sequencer (Applied Biosystems, USA). Sequences were checked for chimeras by using the Mallard program (Ashelford et al. 2006) . The nonchimera sequences were blasted within the National Center for Biotechnology Information server (http://blast.ncbi. nlm.nih.gov/Blast.cgi) to determine the most similar phylogenetic neighbour sequence(s). Sequence alignments were performed using the ClustalX program (Thompson et al. 1994), and phylogenetic trees were constructed with the PHYLIP package (Felsenstein 1989) .
Nucleotide sequence accession numbers
The 16S rRNA partial sequences reported in this study have been deposited in the GenBank database (Benson et al. 2013) under the accession numbers JQ305020-JQ305087.
Results
Clone library analysis
A 16S rRNA gene library was constructed for bacteria in the saline-alkali ponds rearing common carp. A total of 200 clones were obtained and checked; 189 of them contained a correct insert. A total of 117 OTUs were identified by restriction fragment length polymorphism analysis, and most of them (64.9%) represented only one clone in the clone library. Coverage of the clone library was 42.6%. The OTU phylotype diversity of bacteria was further confirmed by rarefaction analysis (Fig. 1) .
Sequence and phylogenetic analysis of 16S rRNA genes A total of 70 representative clones that occurred at least one time in the clone library were selected for sequence analysis, which included all of the abundant OTUs and accounted for 71.9% of the valid clones with the proper insert size. Sequence analysis indicated that 66 OTUs were ascribed to the Bacteria, and two OTUs were affiliated with plastid 16S-like rRNA small subunit from Chlorella kessleri. Sequences belonging to two OTUs were likely chimeras by using the program Mallard, and excluded from further analysis. Levels of nucleotide identity of the 16S rRNA clones with known sequences in the GenBank database were from 95 to 100%. Sixtyfour (92.6%) of the 68 valid OTUs had a similarity of 97% or higher with known sequences, and the remaining 5 OTUs had a similarity between 95 and 97%. Sixty-six valid sequences from the bacterial 16S rRNA gene clone library were analyzed phylogenetically. They fell into the following groups: Proteobacteria (α-, β-, γ-), Actinobacteria, Cyanobacteria, Planctomycetes, Fibrobacteres, Bacteroidetes, Chloroflexi, and unclassified bacteria (Fig. 2) . β-Proteobacteria sequences were the most dominant among them, accounting for 19.7% of the 66 valid OTUs and 29.7% of the 128 clones analyzed. TheActinobacteria and α-Proteobacteria sequences were also diverse in the library. They accounted for 16.7% and 19.7% of the 66 OTUs characterized, accounting for 16.4% and 15.6% of the 128 clones analyzed, respectively. The remaining taxonomic grouping and the relative abundances are shown in Table 1 .
Sequences of the β-Proteobacteria
Thirteen sequenced OTUs (38 clones) affiliated within β-Proteobacteria (Fig. 3) were the most diverse and dominant in our library. They had 95-99% similarity to GenBank sequences belonging to Methylotenera, Ideonella, Leptothrix, and some unidentified β-Proteobacteria. Eight sequenced OTUs (27 clones) were the most dominant β-Proteobacteria phylotypes in the library, which all had 99% similarity to the uncultured bacterium clone 2C229411 sequence from water of Delaware Bay (Shaw et al. 2008 ). The remaining five sequenced OTUs (11 clones) were related to sequences from Yunnan hot spring, Dongping Lake, intestinal tract of grass carp, and Negev desert. 
Sequences of the Actinobacteria
The Actinobacteria OTUs were also diverse in this study. Eleven sequenced OTUs (21 clones) were ascribed to this phylum, with 96-99% identity to known GenBank sequences. These sequences related to the Microcella, Candidatus Aquiluna rubra, Candidatus Limnoluna rubra, and some uncultured Actinobacteria species. The nearest neighbouring sequences of the sequenced OTUs were retrieved from the lakes of Tibet, Taihu, Dongping, Wuliangsuhai, and Schoehsee (War-necke et al. 2004; Wu et al. 2007a; Xing et al. 2009 ).
Sequences of the α-Proteobacteria
Thirteen sequenced OTUs (20 clones) belonging to α-Proteobacteria (Fig. 3) had 94-99% identity to known GenBank sequences, including sequences of Roseomonas, Rhodobacter, Methylosinus, Methylocystis, Hyphomicrobium, and some uncultured α-Proteobacteria species. Two OTUs (4 clones) among these OTUs had 95 and 99% identity with known GenBank sequences recovered from alkaline and brackishwater environments. Another two OTUs (2 clones) of them had 98 and 99% identity with known GenBank sequences from freshwater of high altitude. The nearest GenBank sequences of the remaining OTUs were retrieved from Yanghe reservoir, Taihu Lake, Ningxia rice paddy and Woopo wetland (Baik et al. 2008; Zhang et al. 2008 ).
Sequences of the Cyanobacteria and Planctomycetes
Nine sequenced OTUs (15 clones) with 98-99% similarity to known GenBank sequences were affiliated with Cyanobacteria (Fig. 2 ). They were related to the genera Microcystis, Cyanobium, and Synechococcus. Three OTUs (7 clones) among these OTUs had 99% identity with known GenBank sequences recovered from Lake Biwa (Ernst et al. 2003) . Another three OTUs (3 clones) of them exhibited 99% identity with known GenBank sequences from Bubano Basin (Castiglioni et al. 2005) . Two OTUs (3 clones) of them possessed 98 and 99% similarity to GenBank sequences retrieved from Wuliangsuhai Lake and Taihu Lake. The remaining one OTU (2 clones) had 99% identity with known GenBank sequences from hospital shower water (Perkins et al. 2009 ). Eight OTUs (15 clones) were affiliated with Planctomycetes, which had 97-100% similarity to GenBank sequences belonging to Hyphomicrobium, Pirellula, and uncultured bacterium. Five Planctomycetes OTUs (12 clones) had >99% similarity to sequence of uncultured bacterium clone YHY27 retrieved from Yanghe reservoir. The remaining three Planctomycetes OTUs (3 clones) had 97% similarity to sequence of uncultured bacterium clone BXHB3 from an activated sludge.
Sequences of other groups
Six OTUs (12 clones) affiliated with the γ-Proteobacteria (Fig. 3) possessed 93-99% identity with known GenBank sequences retrieved from tobacco rhizosphere soil, activated sludge, and Dongping Lake. These sequences belonged to Methylocaldum, Acinetobacter, and uncultured bacterium. Two OTUs (2 clones) were related to Bacteroidetes, with 99% identity with GenBank sequences from Tibetan Lake (Xing et al. 2009 ), including sequences of Flavobacterium and Pedobacter. Two OTUs (3 clones) were assigned to Fibrobacteres, which both exhibited 99% similarity to the sequence of uncultured Fibrobacteres bacterium clone LiUU-9-330 retrieved from Swedish lakes (Eiler et al. 2004) . One OTU (1 clone) affiliated with the Chloroflexi had 99% identity with uncultured Roseiflexus from high altitude freshwater lake of Tibetan Plateau (Xing et al. 2009 ). One OTU (1 clone) belonging to unclassified bacteria had 99% identity with a sequence retrieved from Dongping Lake.
Discussion
To our knowledge, the culture-independent technique was applied to characterize the bacterial community composition in saline-alkali ponds for the first time in the present study. Previous studies on bacterial diversity in inland waters have been carried out in reservoirs and lakes (Spring et al. 2000; Wu et al. 2007a,b; Song et al. 2010; Niu et al. 2011) . However, microbial diversity in ponds is not well understood. Our results showed that the bacterial community in the saline-alkali ponds rearing common carp was diverse; the majority of our sequences may represent novel bacteria, and most of our sequences (57%) were affiliated with closest GenBank sequences retrieved from inland waters of China.
The culture-independent 16S rRNA gene clone library analysis has been frequently employed to determine bacterial community composition due to its advantages, such as near-full-length 16S rRNA sequences and high diversity. However, this method may produce artifacts due to inefficient DNA extraction and biased PCR amplification . To obtain better understanding of bacterial community, we improved DNA extraction method and PCR procedure. In the current study, the DNA extracted three-times from each pond were pooled together to minimize bias of each individual sample, and the PCR was performed three times and its products were also pooled. To reduce biased PCR amplification, the PCRs were performed at the annealing temperature of 55
• C, and 20 cycles was chosen.
The coverage value of our library was only 42.6%, suggesting that the library size was not full. The result of rarefaction curve further confirmed this suggestion. These findings indicate that OTUs in our library reflect a part of the diverse bacteria in these ponds. Sequence analysis revealed that most of our sequences had <97% similarity to sequences from known bacteria. Sequences showing 97% similarity or higher to their nearest known neighbours were regarded as the same phylotype (Humayoun et al. 2003) . These findings suggest most species in the saline-alkali ponds rearing common carp are novel and need to be further identified. The dominant phyla are β-Proteobacteria, Actinobacteria and α-Proteobacteria in our study, indicating that they are likely the main bacterial groups in the salinealkali ponds. This result could be compared to the previous studies, which suggested that the major bacterial divisions in freshwater are α-Proteobacteria, β-Proteobacteria, Actinobacteria and Bacteroidetes (Wu et al. 2007b; Niu et al. 2011) .
Previous studies have shown that Proteobacteria (mostly β-and α-) are the dominant groups in freshwater (Spring et al. 2000; Zhang et al. 2006; Song et Fig. 3 . Phylogenetic tree of the Proteobacteria sequences recovered from the clone library, constructed using the method as depicted in Figure 2. al. 2010). The saline-alkali ponds were also dominated by Proteobacteria. Generally, most Proteobacteria are known to play an important role in decomposition of aquatic organic substrates (Zeng et al. 2009 ). Therefore the dominance of Proteobacteria in the eutrophic ponds is natural. Several studies revealed that Actinobacteria were one of the most significant divisions in various freshwater habitats of the world (Warnecke et al. 2004; Urbach et al. 2005; Van der Gucht et al. 2005; Wu et al. 2007b ). Actinobacteria were identified as significant lineage in our study as well. The small size and distinct cell wall structure of Actinobacteria suggest protection from protozoal predation (Hahn et al. 2003; Jezbera et al. 2005) , which may be an explanation of their high diversity and wide distribution.
A few studies revealed that Cyanobacteria were worldwide distributed in freshwater (Ward et al. 2008; Jungblut et al. 2010) , which was also present with the nearest sequences of the Cyanobacteria OTUs from global different freshwater environments in this study. Members of Cyanobacteria could be usually found in eutrophic freshwater ecosystems and may be regarded as an indicator in eutrophic ponds (Niu et al. 2011) . This was in accordance with the fact that organic nutrients concentration was high in common carp ponds. Microcystis-infested lakes are known to often lead to the formation of bacterial bloom and produce toxins that are harmful to aquatic animals and humans (Bury et al. 1996; Jochimsen et al. 1998) . Besides, several studies revealed that Cyanobacteria produce bioactive compounds with commercial and medical applications, which have antifungal, antibiotic and anticancerigenous activities (Codd et al. 2005; Wiegand et al. 2005; Frazao et al. 2010) . Recently, members of Synechococcus and Microcystis in marine environment were tested for ecotoxicity (Frazao et al. 2010) . Therefore, Cyanobacteria in our study may represent potential resources for further exploitation.
Most of our 16S rRNA sequences had high identity with GenBank sequences recovered from inland waters of many countries and regions, indicating that our sampling ponds environments may be similar with these inland waters. Interestingly, the majority of these inland waters are located in almost whole China, including Taihu Lake (East China), Tibetan Lake and Ningxia rice paddy (West China), Yunnan hot spring (South China), Dongping Lake, Wuliangsuhai Lake and Yanghe reservoir (North China), indicating that most bacterioplankton in our investigation may be a regional distribution. However, some sequences were related to sequences from inland waters of other countries and regions, such as Lake Biwa (Japan), Woopo wetland (Korea), Delaware bay (USA), Swedish lakes and Lake Schoehsee (Europe), indicating that these bacterioplankton might be of cosmopolitan distribution. However, the bacterial diversity detected via clone library method reveals only the number of diverse sequences and not the number of bacterial species in original sample. In future studies, we will determine the diversity of bacteria in more ponds by using fluorescence in situ hybridization and quantitative real-time PCR approaches to further test our findings. We also will study the correlation between bacterial diversity and environmental conditions in common carp ponds, and elucidate the factors determining and maintaining microbial diversity and biogeography.
In conclusion, this study is the first report showing the bacterial diversity in saline-alkali ponds rearing common carp by the culture-independent technique. Bacterial community composition in the ponds was diverse, and many sequences may represent novel bacteria. Most of the bacterioplankton in our study may represent a regional distribution, and some might be a cosmopolitan distribution. The composition of bacterial community in the saline-alkali ponds rearing common carp might be characterized by environmental conditions and geographical factors. The findings of the present study thus provide useful information for comprehending the microbial ecology in saline-alkali ponds rearing common carp, and help to promote and maintain healthy aquaculture environments.
